Linking similar proteins structurally is a challenging task that may help in finding the novel members of a protein family. In this respect, identification of conserved sequence can facilitate understanding and classifying the exact role of proteins. However, the exact role of these conserved elements cannot be elucidated without structural and physiochemical information. In this work, we present a novel desktop application MotViz designed for searching and analyzing the conserved sequence segments within protein structure. With MotViz, the user can extract a complete list of sequence motifs from loaded 3D structures, annotate the motifs structurally and analyze their physiochemical properties. The conservation value calculated for an individual motif can be visualized graphically. To check the efficiency, predicted motifs from the data sets of 9 protein families were analyzed and MotViz algorithm was more efficient in comparison to other online motif prediction tools. Furthermore, a database was also integrated for storing, retrieving and performing the detailed functional annotation studies. In summary, MotViz effectively predicts motifs with high sensitivity and simultaneously visualizes them into 3D strucures. Moreover, MotViz is user-friendly with optimized graphical parameters and better processing speed due to the inclusion of a database at the back end. MotViz is available at
Introduction
Computationally understanding and annotating the central dogma of molecular biology encompasses the success of bioinformatics. From sequence to its annotation as well as from protein sequence to structure prediction and visualization, all processes are being executed with high efficiency through in silico tools and databases. It is noteworthy that number of protein (3) . Devising and implementing novel algorithms will largely contribute to determination of protein structure or function.
Generally, to achieve insight into structures through Cartesian coordinates, it is essential to have a visualization tool. During recent years, a variety of data visualization tools have been developed to meet increasing data complexity. These include Rasmol, VMD, Cn3D, Swiss PDB Viewer, Chimera, Jmol and PyMol (4) (5) (6) (7) (8) (9) (10) . Jmol (9) is a popular Java-based freeware and standalone high-end tool for protein structural monitoring. The browser applet in Jmol supports the loading of multiple molecules with independent movement, surfaces and molecular orbitals, biological units and crystal symmetry, cavity visualization, translucency, high-quality rendering, arbitrary objects such as arrows/planes and true slabbing properties.
In the current study, a plug-in MotViz has been built and added into Jmol version 11.2.1 in order to extend its applicability. Specialized features in MotViz include sequence motif retrieval from protein 3D structure in parallel to structural analysis based on the physiochemical properties. Additionally, a local database has been created to facilitate user in re-evaluation of results with better performance. Finally, for detailed annotation of selected motifs, links of web-based tools like Prosite, MEME and Hits (11-13) have been incorporated into MotViz.
Methods
We updated Jmol protein visualization tool version 11.2.1 by incorporating new plug-in and modules. These new features include sequence annotation, motif searching, motif visualization and graphical output of their physiochemical chart, motifs conservation score calculation and their comparisons through bar graph representation. MotViz algorithm created in this study predicts motifs from the loaded 3D protein structure. This algorithm uses a dynamic approach and latest-updated data from UniProt and InterPro (14, 15) databases. MotViz algorithm works in five phases, which are described as follows.
Phase 1 Retrieving amino acid sequence from 3D coordinates
Protein sequence is dissected from 3D coordinates of determined amino acids at Phase 1. MotViz retrieves protein sequence from the structural coordinates, because the target of MotViz is to hunt structural motifs in parallel to sequence motifs, as some amino acids might be missing in 3D coordinates but likely available in the protein Fasta sequence.
Phase 2 Launching BLASTP and fetching Fasta sequences
At the second phase MotViz retrieves similar protein sequences related to the visualized protein sequence to hunt for conserved motifs. UniProt BlastP is launched by calling the EBI web service to obtain IDs of the 50 most conserved sequences (with a maximum difference of 10
-50 E-value). If this E-value difference is found in about topmost 30 BLASTP sequences, then only those sequences are picked. Fasta sequences of selected proteins are then fetched from the UniProt server and saved for further analysis.
Phase 3 Performing multiple sequence alignment
At the third phase multiple sequence alignment (MSA) of closely-related protein sequences (from phase 2) is performed to locate the conservation points using ClustalW.
Phase 4 Locating conservations and determining motifs
This step identifies conservation points by reading ClustalW "*, : , .", where "*", ":" and "." represents identical, conserved and semi-conserved residue, respectively. MotViz algorithms will identify ---*--:--.---as the worst case and ---***---as the best case. Furthermore MotViz also locates the positions of the determined motifs in the protein sequence and stores the information in the database. 
Phase 5 Calculating conservation value
At the final phase, conservation of each predicted motifs is calculated using the MotViz algorithm according to the following formula.
Where Cv is conservation value; 'i' is from 0 to 3, x 1 is number of identical residues; w 1 is identity score (in this case 1 is optimal score); x 2 is number of completely-conserved residues; w 2 is score for completely-conserved residues (maximum value is 0.85); x 3 is number of semi-conserved residues; w 3 is score for semi-conserved residues (maximum value is 0.70) and ∑ is the total length of motif.
PSI-BLAST was used during the algorithmic development of MotViz (16) . Dependency of PSIBLAST (16) is on activation.jar, commons-cli-1.1.jar, commons-logging-1.0.2.jar, mail.jar, servlet.jar, xercesimpl.jar, axis.jar, commons-discovery-0.2.jar, jaxrpx. jar, saaj.jar and wsdl4j-1.4.1.jar, which are available at http://www.ebi.ac.uk/Tools/webservices/services/ dbfetch (17) . ClustalW (18) was used for performing MSA of protein sequences retrieved from UniProt.
The conserved segments across all aligned sequences are marked by numerical values and subsequently positioned into the structural coordinates. Figure 1 shows the schematics flow of the MotViz algorithm. Predicted conserved areas are considered to be of functional relevance and are stored in a separate database for easy retrieval.
Results

Sequence retrieval and analysis
Protein structure files were obtained from PDB (2) . Here, we took 3ML6, the structure of complex between dishevlled2 and clathrin adaptor AP-2, as example (Figure 2A Figure 2B1,  2B2 ). In the same panel, there are sub-panels for bar and pie charts, button to display the physiochemical properties (hydrophobic, acidic, basic and polar residues) together with slider and input spinner for selecting the protein sequence or to visualize the selected amino acids properties. In addition, two radio-buttons are enabled for selecting the visualization option of either whole structure or selected sequence only. For selected sequence segments, pie and bar chart features are also enabled together with slider selection ( Figure 2B3 ). Multiple visualization aspects that have already been embedded in Jmol (9), including balls-sticks, cartoon, space-filled (Vander Waals), ribbon model and wireframe-trace, are enabled for detailed analysis.
Motif prediction and visualization
Sequence retrieved from the 3D model of loaded protein structure is stored in a local database (MotViz-Database). Individual motifs are retrieved by clicking the search motif button. Motifs are predicted from conserved sites generated using the MotViz algorithm against the query sequence and stored in the local database (MotViz-Database). Later, a motif panel is displayed after retrieving motifs in the right upper corner ( Figure 2C1) . The motif panel contains a comprehensive list of all predicted motifs. To facilitate the user, motif positions in retrieved sequence are made available. Also, the individual motifs can be selected by clicking check box ( Figure 2C2) . Radio-buttons help in selecting either the visualization option or select motifs only within structure. In order to select all motifs, a select all check box is added to display all motifs simultaneously. By selecting this checkbox, all motifs can be visualized in 3D structure accordingly containing the same color scheme to that of corresponding motif sequences. By clicking the selected only button, selected motifs are displayed in the structure (Figure 2C3) . The conservation value calculated for each predicted motif along with its location in the respective sequence is displayed. Moreover, a comprehensive bar chart helps in categorizing related predicted motif(s) on the basis of conservation rate ( Figure 2C4) .
Performance results
Evaluation of the motif search result was carried out by querying MotViz predicted motifs using multiple online motif finding tools. To validate MotViz predicted motifs, the performance of these predicted motifs was tested by comparing the MotViz predicted motifs with other online motif prediction tools including Prosite, MEME, PATTERN, BLOCKS, Pfam, ProDom, PRINTS (11-12; 19-23) . Table 1 summarized the verified sensitivity, specificity, precision and accuracy of results predicted by MotViz and other motif prediction tools (11-12; 19-23) for 9 protein families randomly selected. These protein families include Wnt protein family, Gli protein family, histone protein family, ribosomal protein family, HIV protein family, PHD-finger protein family, Hox protein family, HSP100 protein family and Frizzled protein family. These selected protein families were analyzed (four proteins in average for each family) for the presence of motifs using MotViz. Highly conserved motifs which were predicted only by MotViz were listed in Table 2 along with their conservation value score (Cv). MotViz specificity was calculated by averaging Cv greater than 0.60 and an E-value greater than 1009 for MotViz predicted motifs (11-12; 19-23) . MotViz sensitivity was measured by taking the averages of Cv and E-values of the predicted motifs.
A comprehensive comparison of MotViz predicted motifs was made by combining the motif-prediction data of listed protein families. Individual motifs were predicted by afore-mentioned tools, respectively and compared to those predicted by MotViz. Subsequently, the representative sequence motifs were plotted graphically ( Figure S1 ). The pattern clearly indicate that majority of motifs predicted by MotViz are missed by the listed tools. Furthermore, we plotted the number of motifs predicted and found that more motifs were predicted by MotViz than any listed tools for all 9 protein families. For example, MotViz predicted 9 motifs in Hox protein family, and 5-6 motifs were also predicted by MEME, Prosite, BLOCKS, PRINTS and Pfam, while PATTERN predicted only 3 motifs. In addition, MotViz predicted 36 motifs in histone protein family, out of which MEME, BLOCKS and Pfam predicted 21, 16 and 12 motifs, respectively, while the remaining tools predicted less than 10 motifs (Figure 3) . These data illustrate the MotViz algorithm efficiency is significantly high, compared to other tools.
Discussion
Combination of conserved sequence segments in protein with visualization in a single click offers a remarkable addition that may result in gathering the in-depth details about functional elaboration of protein structure elements. These details would largely help in dissecting functional information of short segments in parallel to their structural localization. Motifs are important for predicting protein structure or behavior and to categorize anonymous proteins into appropriate families (24) . Presence of similar motifs can be annotated by analyzing multiple structures, which may provide a unique mode for determining the novel links and characterizing the functional relevance of unknown proteins. MotViz plug-in preferably isolates the conserved motifs by aligning the query sequence to a similar dataset by performing the PSI-BLAST followed by MSA using ClustalW in order to dissect the narrow regions of sequence similarities. MotViz motif prediction efficiency is much higher than other tools due to the implementation of increased conservation rate and accuracy in picking by applying filters in two consecutive steps. In the first step, PSI-BLAST at UniProt (17) is launched resulting in retrieving the 50 most related sequences and later in the second step, these sequences are further narrowed down by performing MSA using the ClustalW (18) algorithm. The subsequent identification of conserved sites was further enhanced by selecting the alignment regions of consecutive amino acids with less than three gaps.
Conclusion
MotViz tool provides better usability due to many reasons. Firstly, it generates the query sequence from 3D coordinates, searches similar proteins (with maximum E-value of 10 -50
) and then aligns them to find the conserved residues in a single effort. Secondly, these residues are further annotated by online motif prediction tools and are verified before appearing for visualization in protein structure. Thirdly, MotViz keeps features that have already been embedded in Jmol intact (9) . Lastly, addition of database, incorporation of conservation score calculation, graphical representations and individual sequence to structural compatibility differentiate MotViz. The user may visualize each motif individually within the corresponding structure and examine structural details of the highlighted motif. The graphical output of physiochemical properties and conservation score in parallel to motif prediction make it a unique platform for user.
